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PACS numbers:
Terminology Ferrie and Combes (FC) call their noisy measurement 'weak'. To remain consistent with the weak measurement literature I call their classical model noisy, refer to the 'noise parameter' etc.. The term 'weak' will be used for 'weakly disturbing'
A flaw in the Alice-Bob model Alice and Bob repeat the task outlined in [1] (see their fig. 1 ) many times and keep the measurement results. Alice then post-selects Bob's results on the condition that ψ = 1, φ = −1. By eq. 27 of [1] she now has a list of results s distributed according to the conditional probability distribution
which corresponds to a noisy measurement with noise parameter λ φ=−1 = λ 1−δ . To correctly interpret the outcome from Bob's weak measurement statistics she would have to normalize according to the correct (updated) parameter, λ φ=−1 (not λ). The correctly normalized measurement result is 1 as expected.
To understand this result one can think of the experiment happening in a dimly lit room. The noise is due to poor lighting, however sometimes (with probability 1 − δ) Bob brightens the light, looks at the coin and then flips it. He now has better view of the coin and has a much higher probability of reporting the correct result. Alice and Bob's bias towards the correct result is given by eq (1) above and they should normalize accordingly. Clearly Alice is making a mistake if she normalizes according to the average lighting in the room.
Quantum weak measurements: Compare the corrected model with quantum weak measurements. Alice prepares the state |ψ , gives it to Bob for a weak measurement of an operator A and then post-selects a state |φ . She wants to correctly identify her φ-dependent strength parameter. To do this she looks at the distribution of Bob's reported outcomes for the variable x. To first order the distribution is a Gaussian centered around the weak value with the original width σ. She then uses this parameter to normalize her results and gets the correct weak value [7] .
The observed weak values can be far outside the range of eigenvalues as predicted [2] . Their range is only limited to values where the weak value approximation is valid. For any finite measurement strength there will be a limit on the observable amplification [3] , moreover the weak value cannot be infinite [4] . Alice would notice deviations from the weak value approximation by the change in her post-selected probability distribution.
The meter : The physical meaning of weak values (and the use of σ) is lost in the coarse grained model that FC consider starting with eq 10 and ending in eq 17. It is clear in the literature that Alice is trying to infer the shift in the pointer variable [5, 6] , i.e she is trying to calculate the expectation value of a Gaussian [2] .
In the quantum case, and under the right conditions, eq 17 of [1] allows one to calculate the weak value from the expectation value of the normalized random variable s λ . However contrary to the claim of the authors eq. 17 is not "an equivalent definition of the weak value". It is indeed "a calculated quantity" that can lead to strange (and often meaningless) results.
Since the weak values are defined as the shift in a meter state, let us try to recover this meter in the Alice Bob model. Alice gives Bob a coin. Bob then reports his measurement results according to a Gaussian distribution. With probability δ he produces M + : a Gaussian with width σ around 0 (and gives the coin back) and with probability 1 − δ he produces M − : a Gaussian around 1 1−δ and flips the coin. Seemingly this is similar to the quantum case but on close analysis they are completely different procedures. First: unlike a weak measurement M + and M − are not a superposition of meters pointing at the eigenvalues-on the contrary the non-post selected meter is a mixture of two Gaussians one with peak at 0 and the second at 1 1−δ . This justifies the analysis in the fist section above. Second: The fact that Bob flipped the coin is coincidental-he could just as well have left the coin undisturbed and just told Alice which meter he used. Alice could then post-select according to this information and get the same result. Finally there is no need for the two measurements to be noisy. Bob could produce a very similar measurement model with sharply peaked results and return an arbitrary 'normalized' measurement result. Although all of these classical models fit Eq. 17 of [1] none are a weak measurement, and their expectation value is not a 'weak value'. This research was supported by NSERC, Industry Canada and CIFAR.
